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	Attentions：
1. There are 【6】 problems on this exam, of which you are instructed to work only 
   【5】. If you work all 【6】 problems, only the first 【5】 will be graded. 
Each problem gets 【20】 points.

2. Please answer the problems by order. Don’t need to copy the problems on the answer sheet. Write all your answers on the answer sheet.

3. Do not write your name on the answer sheet.
4. (   )open book    ( x )close book


1. Consider the device shown in Fig.1. The apparatus is assumed to operate so that the air leaving at point 2 is saturated. The temperature t2, where the relative humidity is 100 percent, is then defined as the adiabatic saturation temperature t2*. If we assume that the device operates in a steady-flow-steady-state manner, show that the relative humidity W1 can be written as follows:
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where the * superscript refers to the adiabatic saturation temperature; the enthalpy of vaporization 
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2. Consider an enclosed swimming pool. The pool area has a sensible heat loss of 124 kW and a latent heat gain of 155 kW on a design day when the outdoor air is at 2oC and 20 percent relative humidity (RH). The space is to be maintained at 24oC and 50 percent RH. Outdoor air is to be heated to 16oC, mixed with re-circulated air from the conditioned space and the mixed air heated to supply conditions.
（a） At what flow rate is the air supplied to the space if the supply air temperature is 35 oC?

（b） At what flow rate is outdoor air and re-circulated air flowing?

（c） What is the heat transfer rate for the preheat process?

（d） What is the heat transfer rate for the mixed air heating process?

3. The design condition for a space is 25oC db and 50 percent relative humidity with 13oC db supply air at 90 percent relative humidity (RH). A 50-ton constant-volume space air-conditioning system uses face and bypass and water temperature control. Outdoor air is supplied at 35oC db, 60 percent RH with a ratio of 1 kg to 5 kg return air. A part-load condition exists where the total space load decreases by 50 percent and the SHF increases to 90 percent. The outdoor air condition changes to 29oC db and 70 percent RH. Assume sea level pressure.

（a） At what temperature must the air be supplied to the space under the part-load condition?

（b） If the air leaving the coil has a dry bulb temperature of 15oC, what is the ratio of the air bypassed to that flowing through the coil?

（c） What is the apparatus dew-point temperature for both the design and part-load conditions?

（d） Show all the processes on a psychrometric chart.

4. The characteristic for a section of pipe may be represented by a function of the form H=aQ2+z where a is a constant, H is head, Q is flow rate, and z is elevation change. Derive an expression to represent the characteristic for pipe sections connected in (a) series and (b) parallel.

5. Briefly explain the following terms: 
（a） System effect in fan and duct systems.
（b） Fan laws

（c） Affinity laws
（d） NPSHA (available net positive suction head) and NPSHR (required net positive suction head).
6. A variable-volume system using a variable inlet vane fan as shown in Fig. 2 will operate at an average capacity of 25,000 cfm over a given 24-hour period. (a) Compute the percent decrease in shaft power between flow conditions 1 and 2. (b) Estimate the power savings as compared with a constant-volume system operating at point 1. (c) Estimate the power saving as compared with a VAV system with no fan control; that is, where point 1 will move along the full open characteristic.
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Figure 12-18 Variable-inlet-vane fan in a variable-volume system.
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Fig. 2 Problem 6
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Fig. 1 ASHRAE Psychrometric Chart No. 1
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